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HIGH-THROUGHPUT ANALYSIS OF 
PHARMACEUTICAL SOLUBILITY AND STABILITY 

1. FIELD OF THE INVENTION 
5 This invention is directed to methods, systems, and devices for the high- 

throughput screening of formulations for solubility and stability. Specific embodiments 
of the invention are particularly suited for the preparation and analysis of formulations 
comprising high concentrations of a compound being studied. 

10 2. BACKGROUND OF THE INVENTION 

It is well documented that physical and chemical properties, such as stability, 
solubility, dissolution, permeability, and partitioning of most active pharmaceutical 
ingredients (APIs) are affected by the pharmaceutical compositions comprising them. For 
example, the absorption, bioavailability, metabolic profile, toxicity, and potency of a 

15 pharmaceutical composition's API can be affected by physical and/or chemical 

interactions it may have with excipients within the composition. The pharmacological 
effects of an API may also be affected by the excipients* behavior when contacted with 
biological environments. For example, the acidic environment of the stomach may have 
an effect on certain excipients that can promote or diminish the bioavailability of the API 

20 with which they are administered. 

The excipients that, when combined with an API, form a pharmaceutical 
composition, can similarly have an effect on the manufacture of the composition, as well 
as its shelf-life. For example, certain excipients may react or degrade to form products 
that react with an API when exposed to certain conditions, such as moisture or elevated 

25 temperature. For reasons such as these, the development of pharmaceutical compositions, 
not just APIs themselves, is an important part of pharmaceutical development and 
research. Furthermore, a goal of formulation development is the discovery of 
formulations that optimize desired characteristics of an compound-of-interest, such as 
stability, solubility, and bioavailability under storage and administration conditions. 

30 The discovery of such formulations is a tedious process, and typically involves the 

assessment of numerous excipients, excipient combinations, and physical conditions. 
Indeed, although some general rules exist, the effect of excipients and combinations of 
excipients on the physical and chemical properties of an compound-of-interest is not 
easily predicted. Moreover, there are over 3,000 excipients to choose from when 
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designing a pharmaceutical composition, each of which interacts differently with other 
excipients and compound-of-interests. Because of the many variables involved, industry 
does not have the time or resources to identify, measure, or exploit interactions between 
excipients and pharmaceuticals, and thus cannot readily provide optimized 
5 pharmaceutical formulations. 

Additional factors that slow the development of a pharmaceutical compositions 
include, but are not limited to, difficulties that attend the handling of some excipients and 
compound-of-interests. For example, the accurate handling of fine powders, by weight or 
volume, and the accurate pipeting or aliquoting of viscous fluids can make the preparation 

10 of pharmaceutical compositions a difficult and time-consuming task. These problems 
become even more daunting when an compound-of-interest is available in only small 
amounts. By way of illustration, non-aqueous formulations such as gel caps can contain 
high concentration of compound-of-interests, typically over 100 mg/mL in some 
excipients. However, because many such excipients are highly viscous at room 

15 temperature, they are difficult to accurately dispense in small volumes. Moreover, the use 
of large volumes, which may be necessary to provide reliable concentration data, will 
require the use of substantially more compound-of-interest than would be required for the 
development of less concentrated pharmaceutical compositions. It is for reasons such as 
this that many compound-of-interests are distributed and administered in standard 

20 formulations that are not optimized to provide the most desirable storage and use 

properties. See e.g., Allen 's Compounded Formulations: U.S. Pharmacists Collection 
1995 to 1998, ed. Lloyd Allen. 

Until now, experiments used to test compositions comprising small amounts of 
compound-of-interests have been done manually and on small scales. This has 

25 effectively precluded the preparation and testing of large numbers of excipient 

combinations that may provide unexpected advantages when used for the manufacture, 
storage, or administration of an compound-of-interest. A need therefore exists for high- 
throughput methods of preparing and testing compositions that contain concentrated 
amounts of compound-of-interests. A particular need exits for methods and systems that 

30 be used to prepare compound-of-interest formulations comprising highly viscous 
excipients. 
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3. SUMMARY OF THE INVENTION 

This invention is based, in part, on a discovery that high-throughput methods can 
be used to rapidly obtain information about combinations of various compounds, and that 
such information may be used to develop formulations of compounds-of-interest that 
5 have desirable properties. For example, if a compound-of-interest is an API, desired 
formulations containing it may have long shelf lives, may deliver the compound-of- 
interest in a bioavailable form, and/or may deliver the compound-of-interest at a 
controlled rate. 

One embodiment of the invention encompasses a method of rapidly and 
10 efficiently preparing sample formulations comprised of a compound-of-interest and one 
or more liquid excipients, deteraiining whether the compound-of-interest is soluble in the 
excipient(s), and optionally screening or ranking the samples that are soluble based on 
one or more criteria. Examples of such criteria include, but are not limited to, the 
nature — if any — of the samples' reactions to pH, ion concentration, solvent, temperature, 
15 and light. 

Specific methods of the invention are particularly useful for the preparation and 
screening of substantially non-aqueous formulations. Others are particularly suited for 
the preparation and screening of formulations than contain high concentrations of a 
compound-of-interest. Still others allow the high-throughput preparation of formulations 
20 using highly viscous compounds (e.g. , excipients). 

3.1. BRIEF DESCRIPTION OF THE FIGURES 
Specific embodiments of the invention can be understood with reference to the 
attached figures: 

25 FIGURE 1 is a general schematic of an embodiment of the invention. 

FIGURE 2 provides a more detailed representation of a specific embodiment of 
the invention. 

FIGURE 3 shows the consistency with which an apparatus of the invention can 
dispense 0.5 |il of a liquid with a viscosity of about 400 centipoise. 
30 FIGURE 4 illustrates aspects of a vision station that can be used to identify 

samples that do not contain a solid. 
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FIGURE 5 shows an array of 10 samples in optically transparent wells, feach of 
which comprises a compound-of-interest and a different liquid excipient. The samples 
that contain solid (i.e., not dissolved) compound-of-interest dissolved appear occluded. 



As used herein and unless otherwise indicated, the term "array," when ifced to 
refer to a plurality of objects (e.g., samples), means a plurality of objects that are 
organized physically or indexed in some manner (e.g., with a physical map or within the 
memory of a computer) that allows the ready tracking and identification of specific 

10 members of the plurality. Typical arrays of samples comprise at least 6, 12, 24, 94, 96, 
380, 384, 1530, or 1536 samples. 

As used herein and unless otherwise indicated, the term "controlled amount" 
refers to an amount of a compound that is weighed, aliquotted, or otherwise dispensed in 
a manner that attempts to control the amount of the compound. Preferably, a controlled 

15 amount of a compound differs from a predetermined amount by less than about 10, 5, or 1 
percent of the predetermined amount. For example, if one were to dispense, handle, or 
otherwise use 100 \ig of a compound-of-interest, a controlled amount of that compound- 
of-interest would preferably weight from about 90 jag to about 1 10 jig, from about 95 jag 
to about 105 fig, or from about 99 \ig to about 101 fig. 

20 As used herein and unless otherwise indicated, the term "ranking" means to 

organize, index, or otherwise differentiate members of an array with regard to a specific 
property. Ranking can be based on qualitative or quantitative determinations, and does 
not require that each member of the array be assigned a specific rank. For example, the 
ranking of an array of samples by how much solid compound-of-interest is contained in 

25 each may simply constitute the identification of one or more samples within the array that 
contain or do not contain a solid. In a specific embodiment, however, the ranking of an 
array of samples constitutes assigning to each sample a number, index, or other 
representation that is indicative of the nature, amount, or quality of a specific property 
possessed by that sample vis-a-vis other samples in the array. For example, the ranking 

30 of ten samples by how much solid compound-of-interest is contained in each may 

comprise assigning a number to each of the samples, wherein sample number 1 has the 
largest amount of solid compound-of-interest, and sample number 10 has the lowest. If 



5 



3.2. 



DEFINITIONS 
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two samples among the ten contain the same amount of solid, they can, but need not, be 
assigned the same rank, 
and potency. 

As used herein and unless otherwise indicated, the term "sample" refers to an 
5 isolated amount of a compound or composition. A typical sample comprises a controlled 
amount of a compound-of-interest and a solvent (e.g., pH buffer) and/or an excipient. 
Specific samples comprise a compound-of-interest in an amount less than about 100 mg, 
25 mg, 1 mg, 500 ug, 250 ug, 100 ug, 50 ug, 25 ug, 10 ug, 5 jig, 1 ug, or 0.5 fig. A 
sample can be contained in container {e.g., ajar, vial, or well), or can be deposed or 
1 0 adsorbed on a surface. 

As used herein and unless otherwise indicated, a composition that is "substantially 
non-aqueous" comprises less than about 10, 5, 2, 1, or 0.5 weight or volume percent 
water. Compositions that are substantially non-aqueous include those that are non- 
aqueous. 

15 

4. DETAILED DESCRIPTION OF THE INVENTION 
This invention is based, in part, on a discovery that aspects of methods and 
systems referred to as FAST™ and CrystalMax™ could be optimized for the high- 
throughput preparation and analysis of compound-of-interest/excipient mixtures such as, 

20 but not limited to, substantially non-aqueous, viscous, and highly concentrated mixtures. 
The methods and systems referred to as Fast™ are described in U.S. patent application 
no. 09/628,667 to N. Galakato et al„ filed July 28, 2000, the entirety of which is 
incorporated herein by reference. The methods and systems referred to as 
CrystalMax™ are described in U.S. patent application no. 09/756,092 to M. Cima et aL, 

25 filed January 8, 2001, and International Publication WO01/51919 of M. Cima et al y 
published on July 19, 2001, both of which are incorporated herein in their entireties by 
reference. Methods and systems of this invention are referred to as SFlNX™. 

This invention encompasses automated and high-throughput methods of preparing 
and screening formulations that are substantially non-aqueous and/or comprise one or 

30 more liquid excipients and a controlled amount of a given compound, referred to herein 
as a "compound-of-interest." Preferred compounds-of-interest include, but are not 
limited to, APIs. In specific methods of the invention, mixtures of compound-of-interest 
and one or more liquid excipients are screened with regard to the solubility of the 
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compound-of-interest in the liquid excipient(s). The mixtures may be further screened 
with regard to the effect conditions such as, but not limited to, pH, ion concentration, 
solvent, temperature, and light have on them. In this way, methods of the invention can 
quickly yield large amounts of information directly relevant to the effective formulation 
5 of compounds-of-interest. For example, methods of the invention can be used in the 
development of pharmaceutical compositions that increase the bioavailability, shelf life, 
or other desired characteristics of an API. 

Accordingly, a first embodiment of the invention encompasses a method of 
screening compositions that comprise a compound-of-interest, which comprises: (a) 

10 preparing an array of substantially non-aqueous samples, wherein each sample in the 
array comprises a controlled amount of the compound-of-interest and a liquid excipient, 
and wherein at least two of the samples differ with respect to the liquid excipient they 
contain and/or the concentration of the compound-of-interest; (b) identifying samples in 
the array wherein at least some of the compound-of-interest dissolved in the liquid 

1 5 excipient; and (c) ranking the identified samples. 

A second embodiment of the invention encompasses a method of screening 
compositions that comprise a compound-of-interest, which comprises: (a) providing a 
plurality of liquid excipients and/or miscible combinations of liquid excipients; (b) 
preparing an array of substantially non-aqueous samples by contacting, for each sample, a 

20 controlled amount of the compound-of-interest with a liquid excipient or a miscible 

combination of liquid excipients obtained from the plurality, wherein at least two of the 
samples differ with respect to the liquid excipient or miscible combination of liquid 
excipients they contain and/or the concentration of the compound-of-interest; (c) 
identifying samples in the array wherein at least some of the compound-of-interest 

25 dissolved in the liquid excipient or combination of miscible liquid excipients; and (d) 
ranking the identified samples. \ 

Various aspects of these and other embodiments of the invention are discussed 

below. 

30 4.1. COMPOUNDS-OF-INTEREST 

Embodiments of this invention can be used for the discovery of useful and novel 
formulations of a wide variety of compounds-of-interest. Examples of compounds-of- 
interest include, but are not limited to, the active components of pharmaceuticals, dietary 
supplements, alternative medicines, nutraceuticals, sensory compounds, agrochemicals, 
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consumer formulations, and industrial formulations. Particular compounds-of-interest are 
active pharmaceutical ingredients (APIs). Specific compounds-of-interest have an 
aqueous solubility that is less than about 1 mg/mL, about 100 ug/mL, or about 10 j^g/mL. 
Pharmaceuticals are substances that have a therapeutic, disease preventive, 
5 diagnostic, or prophylactic effect when administered to an animal or a human, and 
include prescription and over-the-counter drugs. Some examples of compound-of- 
interests are listed in 2000 Med Ad News 19:56-60 and The Physicians Desk Reference, 
56 th ed. (2002). Examples of veterinary pharmaceuticals include, but are not limited to, 
vaccines, antibiotics, growth enhancing components, and dewormers. Other examples of 

1 0 veterinary pharmaceuticals are listed in The Merck Veterinary Manual, 8 th ed., Merck and 
Co., Inc., Rahway, NJ, 1998; The Encyclopedia of Chemical Technology, 24 Kirk- 
Othomer (4 th ed. at 826); and A.L. Shore and R. J. Magee, Veterinary Drugs in ECT, vol. 
21 (2 nd ed.) (American Cyanamid Co.). 

Dietary supplements are non-caloric or insignificant-caloric substances 

15 administered to an animal or a human to provide a nutritional benefit or non-caloric or 
insignificant-caloric substances administered in a food to impart the food with an 
aesthetic, textural, stabilizing, or nutritional benefit. Dietary supplements include, but are 
not limited to, fat binders, such as caducean; fish oils; plant extracts, such as garlic and 
pepper extracts; vitamins and minerals; food additives, such as preservatives, acidulents, 

20 anticaking components, antifoaraing components, antioxidants, bulking components, 
coloring components, curing components, dietary fibers, emulsifiers, enzymes, firming 
components, humectants, leavening components, lubricants, non-nutritive sweeteners, 
food-grade solvents, thickeners; fat substitutes, and flavor enhancers; and dietary aids, 
such as appetite suppressants. Examples of dietary supplements are listed in (1994) The 

25 Encyclopedia of Chemical Technology, 1 1 Kirk-Othomer (4 th ed. at 805-833). Examples 
of vitamins are listed in (1998) The Encyclopedia of Chemical Technology ; 25 Kirk- 
Othomer (4 th ed. at 1) and Goodman & Oilman 's: The Pharmacological Basis of 
Therapeutics, 9 th ed., Joel G. Harman and Lee E. Limbird, eds., McGraw-Hill, 1996 
p. 1547. Examples of minerals are listed in The Encyclopedia of Chemical Technology, 

30 16 Kirk-Othomer (4 th ed. at 746) and "Mineral Nutrients" in ECT3 Td ed., vol 15, pp. 570- 
603, byC.L. Rollinson and M.G. Enig, University of Maryland. 

Alternative medicines are substances, preferably natural substances, such as herbs 
or herb extracts or concentrates, administered to a subject or a patient for the treatment of 
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disease or for general health or well being, which do not require approval by the FDA. 
Examples of alternative medicines include, but are not limited to, ginkgo biloba, ginseng 
root, valerian root, oak bark, kava kava, echinacea, harpagophyti radix. Other examples 
are listed in The Complete German Commission E Monographs: Therapeutic Guide to 
5 Herbal Medicine, Mark Blumenthal et al. eds., Integrative Medicine Communications 
1998. 

Nutraceuticals are foods or food products having both caloric value and 
pharmaceutical or therapeutic properties. Example of nutraceuticals include, but are not 
limited to, garlic, pepper, brans and fibers, and health drinks. Other examples are listed in 
10 M.C. Linder, ed. Nutritional Biochemistry and Metabolism with Clinical Applications ; 
Elsevier, New York, 1985; Pszczola et al, 1998 Food technology 52:30-37 and Shukla et 
al. y 1992 Cereal Foods World 37:665-666. 

4.2. EXCIPIENTS 

15 Excipients are combined with a compound-of-interest to provide formulations of 

the invention. Typical excipients are liquid at room temperature, although they may be 
highly viscous. Indeed, particular embodiments of this invention provide for the high- 
throughput preparation and analysis of formulations using excipients having a viscosity at 
room temperature that is greater than about 1, 10, or 100 centipoise. In some cases, such 
20 excipients may be necessary to provide formulations that contains desirable 
concentrations of compounds-of-interest. 

Excipients maybe novel, but commercially available excipients that are generally 
recognized as safe (GRAS) are preferably used. Although particular embodiments of the 
invention do use of water as an excipient, typical liquid excipients are substantially non- 
25 aqueous or non-aqueous. 

Examples of excipients that can be used in various embodiments of the invention 
include, but are not limited to: acidulents, such as lactic acid, hydrochloric acid, and 
tartaric acid; solubilizing components, such as non-ionic, cationic, and anionc surfactants; 
absorbents, such as bentonite, cellulose, and kaolin; alkalizing components, such as 
30 diethanolamine, potassium citrate, and sodium bicarbonate; anticaking components, such 
as calcium phosphate tribasic, magnesium trisilicate, and talc; antimicrobial components, 
such as benzoic acid, sorbic acid, benzyl alcohol, benzethonium chloride, bronopol, alkyl 
parabens, cetrimide, phenol, phenylmercuric acetate, thimerosol, and phenoxyethanol; 
antioxidants, such as ascorbic acid, alpha tocopherol, propyl gallate, and sodium 
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metabisulfite; binders, such as acacia, alginic acid, carboxymethyl cellulose, 
hydroxyethyl cellulose; dextrin, gelatin, guar gum, magnesium aluminum silicate, 
maltodextrin, povidone, starch, vegetable oil, and zein; buffering components, such as 
sodium phosphate, malic acid, and potassium citrate; chelating components, such as 
5 EDTA, malic acid, and maltol; coating components, such as adjunct sugar, cetyl alcohol, 
polyvinyl alcohol, camauba wax, lactose maltitol, titanium dioxide; controlled release 
vehicles, such as microcrystalline wax, white wax, and yellow wax; desiccants, such as 
calcium sulfate; detergents, such as sodium lauryl sulfate; diluents, such as calcium 
phosphate, sorbitol, starch, talc, lactitol, polymethacrylates, sodium chloride, and glyceryl 

10 palmitostearate; disintegrants, such as collodial silicon dioxide, croscarmellose sodium, 
magnesium aluminum silicate, potassium polacrilin, and sodium starch glycolate; 
dispersing components, such as poloxamer 386, and polyoxyethylene fatty esters 
(polysorbates); emollients, such as cetearyl alcohol, lanolin, mineral oil, petrolatum, 
cholesterol, isopropyl myristate, and lecithin; emulsifying components, such as anionic 

15 emulsifying wax, monoethanolamine, and medium chain triglycerides; flavoring 

components, such as ethyl maltol, ethyl vanillin, fumaric acid, malic acid, maltol, and 
menthol; humectants, such as glycerin, propylene glycol, sorbitol, and triacetin; 
lubricants, such as calcium stearate, canola oil, glyceryl palmitosterate, magnesium oxide, 
poloxymer, sodium benzoate, stearic acid, and zinc stearate; solvents, such as alcohols, 

20 benzyl phenylformate, vegetable oils, diethyl phthalate, ethyl oleate, glycerol, glycofurol, 
for indigo carmine, polyethylene glycol, for sunset yellow, for tartazine, triacetin; 
stabilizing components, such as cyclodextrins, albumin, xanthan gum; and tonicity 
components, such as glycerol, dextrose, potassium chloride, and sodium chloride; and 
mixtures thereof. Other excipients, such as binders and fillers, are known to those of 

25 ordinary skill in the art. See, e.g., Remington *s Pharmaceutical Sciences, 18 th ed., ed. 
Alfonso Gennaro, Mack Publishing Co. Easton, PA, 1995; Handbook of Pharmaceutical 
Excipients, 3rd Edition, ed. Arthur H. Kibbe, American Pharmaceutical Association, 
Washington D.C. 2000. 

30 4.3. PREPARATION OF AN ARRAY 

In a typical embodiment of the invention, each sample in an array comprises at 
least two components: a compound-of-interest and a liquid excipient. Samples may also 
comprise one or more solid excipients. In a typical array, samples will differ from each 
other by the concentration of the compound-of-interest and/or the excipient(s) they 
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contain. In certain circumstances, each sample within an array will differ from the others. 
In other circumstances, it may be desirable to provide redundancy within the array to 
reduce experimental error. 

The samples of specific arrays comprise less than about 100 mg, 25 mg, 1 mg, 500 
5 ^g, 250 ^ig, 100 ng, 50 jig, 25 \xg\ 10 ng, 5 1 Hg> or 0.5 ng of the compound-of- 

interest. The samples of specific arrays may comprise less than about 500 \x\ 9 250 nl, 100 
id, 50 jil, 25^1, 10 til, 5 nl , 1 |xl , or 0.5 jil of liquid excipient(s). Particular arrays 
comprise samples that contain high concentrations of compound-of-interest, e.g. 
concentrations greater than about 10 ng/mL, 25 |ig/mL, 50 ^ig/mL, 100 iig/mL, 500 
10 fig/mL, or 1 mg/mL. In typical embodiments of the invention, containers, such as tubes, 
vials, or wells, are used to hold the samples. In addition, one or more of the containers 
are typically provided as controls, to aid in the automated screening of arrays. Typical 
controls will contain no sample, will contain only compound-of-interest, or will contain 
only excipient(s). 

15 Each of the samples is prepared by adding a controlled amounts of one or more 

solids {e.g. compound-of-interest and optional solid excipients) to each container (except, 
perhaps, one or more used as controls), after which controlled amounts of one or more 
liquids (e.g, one or more liquid excipients) are added to each container. Of course, the 
particular order in which solids and liquids are combined can be varied as desired. Stir 

20 bars or tumblers can optionally be added to each container to ensure that its contents are 
well mixed. Samples may also be heated to help the compound-of-interest in each sample 
dissolve — to the extent possible — in the liquid excipient(s). In preferred embodiments of 
the invention, the formation of arrays is done using automated techniques that allow the 
rapid preparation of large arrays. 

25 If the compound-of-interest is a liquid at room temperature, it can be transferred to 

the tubes, wells, or other containers forming an array using conventional techniques (e.g. y 
using a pipettor). If it is a viscous liquid, it can be transferred using a positive 
displacement pump. The controlled transfer of a viscous liquid may be facilitated by 
heating it while in the pump and/or while being transferred. Solid compounds-of-interest 

30 can be transferred using conventional methods, although preferred techniques are 

disclosed in U.S. provisional patent application to Anthony Lerarao et al., 

which is entitled "Methods of Manipulating Small Amounts of Solids," which is assigned 
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attorney docket number 10436-064-888, and which was filed on even date herewith, the 
entirety of which is incorporated herein by reference. 

Solid and liquid excipients can be transferred to the tubes, wells, or other 
containers forming an array using the same methods and devices used to transfer the 
5 compound-of-interest. In a typical embodiment of the invention, a plurality of containers 
are filled with liquid excipients before the array is prepared. Containers may also contain 
mixtures of miscible excipients. Such mixtures are preferably prepared (and their 
miscibility confirmed) prior to array preparation. In this way, combinations that are not 
miscible can be determined and excluded from use without incurring the unnecessary 

10 waste of compound-of-interest. In a specific embodiment, the containers found to contain 
miscible and otherwise suitable solvents are physically moved {e.g., robotically) to 
provide an array, or palate, of solvents that can be used for sample array preparation. 

In a preferred embodiment, each of the excipient containers is attached to a pump 
or similar device that can be used to dispense controlled amounts of excipient into the 

1 5 wells of a sample array. Preferably, the dispensing of excipients is done using automated 
means, allowing for the rapid and automated preparation of samples. 

4.4. SOLUBILITY DETERMINATION 
After samples containing the compound-of-interest and one or more liquid 
20 excipients are prepared, they are analyzed to determine the solubility of the compound-of- 
interest. However, before the solubility analysis is performed, the samples are preferably 
sealed and then stored, or incubated, under conditions sufficient to ensure that the 
compound-of-interest in each sample has had an adequate opportunity to dissolve into the 
liquid excipient(s) to the full extent possible. Examples of sufficient conditions include, 
25 but are not limited to, agitation (e.g. 9 stirring or sonication) and heating for an adequate 
amount of time. 

Samples within an array can be screened for solubility in a variety of ways. 
Preferred methods are automated, and a particularly preferred method utilizes imaging 
equipment and software. In one embodiment of this method, the containers (e.g., tubes, 
30 vials, or wells) that hold each sample in an array are transparent (z.e., they do not entirely 
block to transmission of visible or infrared light). After incubation, they are loaded into 
an imaging station, wherein light is shown through each sample and detected using a 
digital camera. The image obtained for each sample is compared with that of a control 
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container, which does not contain a solid, and those that appear free of solid are 
identified. 

Other techniques may also be used to detect whether or not a solid compound-of- 
interest dissolved in a liquid excipient. For example, turbidity measurements are well 

5 suited for such measurements, and can be readily automated. Other well known methods 
can be used to provide more detailed information about how much of a compound-of- 
interest dissolved in an excipient. Examples include, but are not limited to, high 
performance liquid chromatography (HPLC), UV spectroscopy, fluorescence 
spectroscopy, gas chromatography, optical density, and colorimeter^ In a particular 

10 embodiment of the invention, samples are filtered or centrifuged to ensure that their liquid 
portions are free of solids before they are analyzed. Additional methods of determining 
solubility, and the nature of solubility itself, are well known. See, e.g., Streng et al, 1984 
J. Pharm. Sci. 63:605; Kaplan, Drug Metab. Rev. 1:15 (1972); Remington 's 
Pharmaceutical Sciences, pp. 1456-1457 (18 th ed., 1995); Fiese et al, The Theory and 

1 5 Practice of Industrial Pharmacy, pp. 1 85-1 88 (3 rd ed., 1 986). 

4.5. SCREENING AND RANKING 
According to this invention, samples within an array are initially screened and ranked 
during the determination of which, if any, of them contain no solid {e.g., solid compound- 

20 of-interest). Further characterization of the samples can be used to rank them further. In 
particular, samples that contain only liquid can be analyzed using methods such as, but 
not limited to, HPLC, Raman spectroscopy {e.g., resonance Raman spectroscopy), and 
absorption/transmission spectroscopy to determine if the compound-of-interest has 
undergone any chemical degradation. At the same time, samples that contain some solid 

25 can be processed to separate their solid and liquid portions {e.g., by filtering or 
centrifuge), and the characteristics of one or both portions can be used to rank the 
samples. Methods such as, but not limited to, HPLC, nuclear magnetic resonance (NMR) 
{e.g., l H and 13 C NMR), Raman spectroscopy, and absorption and emission spectroscopy 
{e.g., infrared, visible, and ultraviolet absorption and emission) can be used to analyze the 

30 liquid portion of each sample, for example to determine how much of the compound-of- 
interest it contains, and whether it has undergone any chemical degradation. Similarly, 
methods such as, but not limited to, HPLC, NMR, Raman spectroscopy, X-ray 
spectroscopy, powder X-ray diffraction, absorption and emission spectroscopy, 
birefringence, differential scanning calorimetric (DSC), thermogravimetric analysis 
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(TGA), and particle size measurements can be used to determine the physical and 
chemical nature of the samples' solid portions. 

Samples can also be ranked by the rate in which their solid portions (e.g., solid 
compound-of-interest) dissolve in their liquid portions {e.g., liquid excipients). For this 

5 information, new arrays of samples are prepared under conditions that allow for the 
kinetic measurement of solubility. In one example, the rate at which a solid compound- 
of-interest will dissolve in the liquid excipient of a particular sample is determined by 
preparing a new array of samples, each comprising a controlled amount of compound-of- 
interest. A controlled amount of the liquid excipient is added to each of the samples in 

10 the new array, but at different times. For example, at time 0, liquid is added to sample 
number 1; at time 1, liquid is added to sample number 2; and so on. At a final time, the 
solid— if any — and liquid portions of each sample in the new array are separated (e.g, by 
filtration or centrifuge), and the amount of solid for each is determined and correlated 
with time. By creating such a new array for each sample in the original array, kinetic 

1 5 information is obtained for each of their liquid excipients. 

Certain embodiments of the invention rank dissolved samples by observing their 
behavior when contacted with one or more conditions to which an optimal formulation of 
the compound-of-interest would be subjected. Examples of such conditions include, but 
are not limited to, changes in pH, ion concentration, temperature, exposure to particular 

20 solvents, and exposure to particles of the compound-of-interest or other compounds that 
may, for example, catalyze the crystallization of the compound-of-interest. For example, 
samples can be contacted with an aqueous solution comprising surfactants and having a 
pH of approximately that of the human stomach (e.g., about 1.5), and the effect of that 
contact evaluated. Other biological fluids (e.g., blood and physiological saline) can 

25 similarly be emulated using solutions and techniques known in the art to determine their 
effect on a particular formulation of a compound-of-interest. Examples of effects that can 
be used to rank samples include, but are not limited to, physical effects (e.g., 
precipitation, phase separation, formation of emulsions or miscelles) or chemical effects 
(e.g. 9 degradation) of the compound-of-interest. Samples that provide a precipitate can be 

30 further ranked with regard to the amount of the compound-of-interest precipitated, the 
speed with which the precipitation occurs, the size of the particles precipitated, and the 
nature of such particles (e.g., amorphous or crystalline, and if crystalline, their crystal 
form, or habit). Such information is particularly relevant to the development of safe and 
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effective oral dosage forms of APIs, but is also relevant to the formulation of other 
compounds-of-interest. 

In various embodiments of the invention, pH buffers can be used to simulate a 
variety of different environments to which a formulation may be exposed. Such 
5 environments include, but are not limited to, processing conditions, storage conditions, 
and in vitro conditions. Examples of pH buffers have pHs of from about 9.0 to about 1.0, 
from about 7.5 to about 5, and from about 6.8 to about 5.5. Other examples have pHs of 
from about 6.5 to about 10.0, from about 7.5 to about 9.0, and from about 9,0 to about 
8.5. Similarly, exposure to UV, visible, and IR light can be used to simulation processing 
10 and storage conditions, as can elevated temperatures (e.g., temperatures ranging from 

about 25°C to about 60°C, from about 30°C to about 50°C, and from about 35°C to about 
45°C). 

Samples can also be screened and ranked with regard to their chemical or physical 
stability. For example, samples can be ranked by how much, if any, of the compound-of- 
15 interest decomposes as a function of time, either with or without exposure to conditions 
such as those described above. Samples can also be ranked according to their physical 
stability, for example, their resistance to phase separation or their tendency to form a 
precipitate. In this way, information can be rapidly and efficiently obtained that is useful 
in developing a formulation that has a long shelf-life. 

20 

5. EXAMPLES 

5.1. EXAMPLE 1: PREPARATION AND SCREENING ARRAYS 
The implementation of one embodiment of the invention can be understood with 
regard to FIGURE 1. As represented by step 100 of the figure, an experiment is designed 
25 using data known about the compound-of-interest and excipients to be used. In 

particular, an attempt is made to provide excipients in which the compound-of-interest 
may be soluble, thereby avoiding waste. In step 105, excipients are placed in containers 
from which they can be readily dispensed during the sample array preparation. If 
combinations of excipients are used, they are imaged as indicated in step 1 10 to confirm 
30 that they are miscible before they are actually used. The sample array is prepared by 
depositing a controlled amount of compound-of-interest into each well of a multi-well 
plate (step 120), and dispensing a controlled amount of one or more liquid excipients into 
each well (step 115). The wells are then sealed and mixed (step 125), after which they 
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are imaged to determine which contain dissolved compound-of-interest (step 130). An 
analysis of this data can be used to prepare new arrays if more information is desired (step 
135). In this particular embodiment, the stability of the compound-of-interest/excipient 
combinations is determined (step 140). The samples are optionally allowed to stabilize 
5 (e.g. , at a high temperature) (step 145), after which they are contacted with a simulated 
biological fluid (step 150). Once enough data has been obtained to prepare a formulation 
having the desired properties (e.g. % compound-of-interest concentration, stability, and 
bioavailability), formulations are prepared on a larger scale and tested using animal 
models (step 155). 

10 FIGURE 2 provides a schematic of a specific example of the invention. First, a 

"source plate/' or palate, of excipients (205) is prepared from a stock of excipients (200). 
The source plate comprises liquid excipients contained, for example, in glass tubes or jars 
held in a block made of a material that is preferably thermally conductive (e.g., a metal 
such as, but not limited to, aluminum). The source plate may further comprise miscible 

1 5 combinations of two or more liquid excipients and one or more solid excipients dissolved 
in a liquid excipient. In such cases, the miscibility and stability (e.g., reluctance to 
separate or form a precipitate) of such combinations is determined before the source plate 
is used. 

In this example, a syringe-pump-based dispenser, e.g., a synQUAD™ (Cartesian 
20 Technologies, Inc., Irvine, CA) automated liquid handler, optionally enclosed in a heated 
box, is used to prepare the source plate (205). Examples of other dispensers that can be 
used include, but are not limited to, piston-pump-based dispensers (<?.g., from IVEK 
Corporation, North Springfield, VT) and other pump-based dispensers (e.g., from Oyster 
Bay Pump Works, Hicksville, NY), As shown in FIGURE 3, the use of such dispensers, 
25 heated transfer lines, and a heated source plate can be used to accurately and repeatedly 
dispense small amounts of viscous excipients. 

Referring again to FIGURE 2, once the source plate has been prepared, an array of 
samples is prepared in, for example, clear-bottom Greiner 384-well plates. The samples 
are prepared using a programmable multi-channeLpipetter, such as the Tecan GenMate™ 
30 (Tecan US, Research Triangle, NC) or Hydra™ (Robbins Scientific, Sunnyvale, CA) 
robotic liquid transfer station, which may be heated to aid in the transfer of viscous 
excipients, to dispense a controlled amount (eg., 1 \x\) of excipient from the source plate. 
Each of the wells, apart from one or more used as controls, already contains a controlled 
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amount (e.g., 50 ng) of solid compound-of-interest and chemically-resistant small 
magnetic mixing dowels or mixing disks (e.g., from V&P Scientific, Inc., San Diego, 
CA). The wells are sealed, after which the samples are then mixed and incubated at room 
temperature or at an elevated temperature for a suitable amount of time (e.g., 30-60 
5 minutes) (215). The wells may then be unsealed, the stir bars removed, and then reseaied. 
The resulting array is allowed to sit overnight at room temperature. 

Whether the samples are contained in vials, wells, or some other types of 
container, each is analyzed after incubation. Samples may be analyzed at this point in 
order to determine whether any degradation of the compound-of-interest occurred during 

1 0 incubation (e.g. , using NMR, optical absorption or emission spectroscopy, or Raman 
spectroscopy) to determine whether or not it contains any solid. At the very least, 
samples at this point are analyzed to determine whether they contain solids. This is 
preferably done using an automated imaging, or vision, station, such as that represented in 
FIGURE 4. In this embodiment, a light source (410) shines light (e.g., visible or infrared) 

15 through each sample container. If the containers are vials held in an opaque block, a 
robotic mechanism is used to remove each vial from the block, position it in front of the 
light source (410) and digital camera (405), or something that receives light and transmits 
it to the camera (eg., a fiberoptic receiver). In a specific embodiment, a Panasonic color 
camera coupled to an Olympus microscope is used to detect light transmitted through the 

20 samples. If the containers are wells, the light source is typically positioned under or 

above each well, and the camera or receiving device is positioned on the opposite side of 
the well. In this way, images such as those shown in FIGURE 5 can be obtained. Using 
image-recognition software, such images can be evaluated by computer, and the sample 
containers that are apparently free of solid matter identified for further screening, if so 

25 desired. Referring again to FIGURE 4, the identification is typically in the form of a 
computer database (430), which will contain information associated with a sample at a 
specific location within the block, plate, or other container used to hold the array of 
sample containers. 

The sample is typically positioned between the light source (410) and the camera 
30 (405). However, if the camera is used to detect light scattered from particulate matter 
within the sample, instead of to obtain an image of what is transmitted through it, it is 
preferably positioned at a right angle to the light source. 
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Once the samples that do not contain a solid are identified, they are screened and 
ranked depending on criteria relevant to the intended use of the compound-of-interest 
formulation being developed. In this example, the data obtained is used in the 
development of an oral dosage form that provides an API in a bioavailable form. 

5 Consequently, each sample is transferred into a tube containing about 500 ul of a liquid 
that simulates gastric fluids for every 1 ul of sample. The resulting array of tubes is 
analyzed for physical changes such as those shown in FIGURE 2, and the samples that 
coirespond to each of the tubes are ranked accordingly. In this example, samples that 
remain clear and free of precipitate are ranked higher than those that provide a solution 

10 with separate phases or that contain a precipitate, suspension, or emulsion. Samples that 
formed a suspension of fine particles of the compound-of-interest are ranked higher than 
those that contain a precipitate. Samples that formed a precipitate are ranked with regard 
to the size of the particles of the precipitate, with the ones providing the largest particles 
ranked lowest. Particle sizes are estimated using a Zetasizer™ 3000 (Malvern 

15 Instruments, Inc., Southborough, MA), although other methods, such as laser light 
scattering, Raman spectroscopy, or X-ray powder diffraction may also be used. The 
amorphous or crystalline nature of the particles, which can be determined using 
automated Raman spectroscopy techniques, can also be used to rank the samples. Finally, 
samples that contain or provide a solution that contains degraded compound-of-interest 

20 are ranked below those that do not. 

5.2. EXAMPLE 2: SIMULATION OF IN VIVO CONDITIONS 
Li specific embodiments of this invention, a sample (e.g., a mixture of a 

compound-of-interest and at least one liquid excipient) is exposed to an environment that 
25 simulates biological conditions. In this way, the effect of those conditions on a particular 

formulation can be determined and used to design formulations that are tailored to behave 

in particular ways when administered to patients by specific routes. Compositions that 

emulate biological conditions are well known in the art. Examples include, but are not 

limited to, those disclosed herein. 
30 In one embodiment, a sample is contacted with a liquid that simulates gastric 

and/or small intestine conditions in the fed and fasted states. In the fasted state, the liquid 

simulating gastric conditions comprises: 
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HC1 


0.01- 0.05 N 


Triton x 100 


1.0 G 


NaCl 


2.0 G 


Distilled Water (q.s.) 


1000 mL 



In the fed state, the lumenal composition in the stomach is highly dependent on 
the composition of the meal ingested. A suitable starting point would be to homogenize 
the meal to be used in the clinical studies used to study a given formulation of a 
5 compound-of-interest with the coadministred volume of water, and measure the pH, 
buffer capacity, and osmolarity. The use of long-life milk and Intralipid® may also be 
used. 

In another embodiment, a sample is contacted with a liquid that simulates 
intestinal media. Key differences between gastric and intestinal conditions are the 
10 presence of bile and pancreatic enzymes and the higher pH. A medium simulating the 
fasted state conditions of the small intestine comprises: 



KH 2 P0 4 


0.029 M 


NaOH(q.s-) 


pH of about 6.3 - 6.8 (preferably 6.5) 


NaTaurocholate 


5mM 


Lecithin 


1.5 mM 


KC1 


0.22 M 


Distilled Water (q.s.) 


1000 mL 



Particular media that simulate the fasted state conditions of the small intestine have a pH 
15 of about 6.8, an osmolarity of about 280 to about 310 mOsm, and a buffer capacity of 
about 10±2 mEq/L/pH. 

A medium simulating the fed state conditions of the duodenum comprises: 



Acetic acid 


0.144 M 


NaOH (q.s.) 


pH5 


NaTaurocholate 


15 mM 


Lecithin 


4 mM 
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KC1 


0.19 M 


Distilled Water (q.s.) 


1000 mL 



Particular media that simulate the fed state conditions of the duodenum have a pH of 
about 5.0, an osmolality of about 485 to about 535 mOsm, and a buffer capacity of about 
72+2 mEq/L/pH. If the formulation contains fatty excipients (e.g., soft gelatin used in 
5 capsule formulations) and/or the compound-of-interest is very lipophilic, it may be worth 
considering the addition of mono- and diclycerides and lipase to the medium to 
simulation oily phase partitioning and digestion. 

The scope of the appended claims should not be limited to the description of the 
10 preferred embodiments of the invention described herein. In particular, modifications and 
variations of the invention that are readily apparent to those skilled in the art are intended 
to fall within the scope of the claims. 



328263-1 



Copy provided by USPTO from the PACR Image Database on 01/12/2004 




THE CLAIMS 

What is claimed is: 

5 1 . A method of screening compositions that comprise a compound-of-interest, 

which comprises: 

(a) preparing an array of substantially non-aqueous samples, wherein each 
sample in the array comprises a controlled amount of the compound-of-interest and a 
liquid excipient, and wherein at least two of the samples differ with respect to the liquid 

1 0 excipient they contain and/or the concentration of the compound-of-interest; 

(b) identifying samples in the array wherein at least some of the compound-of- 
interest dissolved in the liquid excipient; and 

(c) ranking the identified samples. 

15 2. A method of screening compositions that comprise a compound-of-interest, 

which comprises: 

(a) providing a plurality of liquid excipients and/or miscible combinations of 
liquid excipients; 

(b) preparing an array of substantially non-aqueous samples by contacting, for 
20 each sample, a controlled amount of the compound-of-interest with a liquid excipient or a 

miscible combination of liquid excipients obtained from the plurality, wherein at least 
two of the samples differ with respect to the liquid excipient or miscible combination of 
liquid excipients they contain and/or the concentration of the compound-of-interest; 

(c) identifying samples in the array wherein at least some of the compound-of- 
25 interest dissolved in the liquid excipient or combination of miscible liquid excipients; and 

(d) ranking the identified samples. 

3. The method of claim 1 or 2 wherein the samples in the array that comprise 
decomposed or degraded compound-of-interest are excluded from the identified samples. 



30 



4. The method of claim 1 or 2 wherein each of the samples is non-aqueous. 

5. The method of claim 1 or 2 wherein the samples are identified using HPLC, 
Raman spectroscopy, visual imaging, or turbidity measurements. 
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6. The method of claim 1 or 2 wherein the identified samples are ranked by how 
much compound-of-interest is dissolved. 

5 7. The method of claim 1 or 2 wherein the identified samples are ranked by how 

much decomposed or degraded compound-of-interest each contains. 

8. The method of claim 1 or 2 wherein the identified samples are ranked by 
contacting each of the identified samples with a solution having a pH of from about 9.0 to 

10 about 1 .0 to provide a set of modified identified samples, and determining how much 
compound-of-interest is dissolved in each of the modified identified samples. 

9. The method of claim 8 wherein the pH is from about 7.5 to about 5.0. 
15 10. The method of claim 9 wherein the pH from about 6.8 to about 5.5. 

1 1 . The method of claim 1 or 2 wherein the identified samples are ranked by 
contacting each of the identified samples with a solution having a pH of from about 9.0 to 
about 1.0 to provide a set of modified identified samples, and determining a characteristic 

20 of any undissolved compound-of-interest in each of the modified identified samples. 

12. The method of claim 1 1 wherein the pH is from about 7.5 to about 5.0. 

13. The method of claim 12 wherein the pH from about 6.8 to about 5.5. 

25 

14. The method of claim 10 wherein the characteristic is average particle size, 
polymorph, crystal habit, or chemical purity. 

15. The method of claim 14 wherein the characteristic is determined using Raman 
30 spectroscopy, light scattering, microscopy, birefringence measurements, NMR, or HPLC. 

16. The method of claim 1 or 2 wherein the array comprises at least 94 samples. 

17. The method of claim 16 wherein the array comprises at least 380 samples. 
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18. The method of claim I or 2 wherein the compound-of-interest is an active 
pharmaceutical agent. 
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ABSTRACT 

Methods and systems are disclosed that can be used for the high-throughput and 
automated preparation and analysis of mixtures comprising a compound-of-interest (e.g. 9 
the active ingredient of a pharmaceutical composition) and one or more excipients. 
Specific embodiments of the invention are particularly suited for the accurate preparation 
and screening of small amounts of excipients, compounds-of-interest, and mixtures 
thereof. The invention is also well suited for the preparation and screening of small 
amounts of mixtures comprising high concentrations of compounds-of-interest. 
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